
1746 International Journal of Criminology and Sociology, 2020, 9, 1746-1752  

 
 E-ISSN: 1929-4409/20  © 2020 Lifescience Global 

Eye Movement Features in the Depth and Spatial Perspective 
Perception of Paintings and Other Static Scenes 

Marsel Fazlyyyakhmatov*, Adelina Mutagirova, Oleg Nedopekin and Vladimir Antipov 

Kazan Federal University, Russia 
Abstract: In this paper, using the example of two scenes, they showed that it is possible to perceive the depth and 
spatial perspective of painting images (and other static scenes) without the condition of binocular disparity (hereinafter 
referred to as the 3D phenomenon). To study the 3D phenomenon, eye movement is recorded. The students of the 
Institute of Physics at Kazan Federal University and an experienced researcher of the 3D phenomenon, the author and 
the developer of the working methodology took part in the surveys on eye movement record. To identify the perception of 
spatial perspective, 3D raster images are used mounted on the same static stimulus scenes (pictures). The first plot 
includes obtaining information on eye movement in the conditions of perception of two paintings with the elements of a 
monocular perspective of images. Histograms show that students perceive the perspective of the pictures displayed on 
the monitor screen. In two scenes presented, eye focusing occurs outside the plane of stimulus images. When students 
demonstrate a monitor screen with text and a white sheet of the histogram, they show that the focus planes are located 
between the screen and the students' eyes. 
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INTRODUCTION 

Backus (Backus et al., 2001) states that 
Stereoscopic depth perception is based on binocular 
disparities. 

It should be noted that it was possible to “ignore the 
observation of a picture as a flat “object” at the level of 
mental perception of painting. All of its images are on 
the same plane and perceive the artist’s world as 
“soaring” in three-dimensional space (Gregory, 1997; 
Liu, & Nijhuis, 2020). However, Gregory does not show 
the way to carry out this process. 

As a rule, motion effects are applied to obtain three-
dimensional perception. 

Eye movement has been used in various studies 
since the 19th century. The reviews over 50 years 
(Schutz et al., 2011) reflect the interest and various 
fields of application, and eye movement features. The 
appearance of binocular eye trackers greatly simplified 
the methodology for studying the processes of eye 
movement (Barabanschikov & Zhegallo, 2013; 
Zhegallo & Marmalyuk, 2015). For example, it is used 
to study binocular coordination (Bucci et al., 2008), the 
duration of fixations (Kliegl et al., 2006; Gómez-
Huélamo et al., 2020). 

The works (Angelaki & Hess, 2005; Iijima et al., 
2012) showed, that a sensation of depth can arise from 
two-dimensional (2D) movies without any stereoscopic  
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depth cue. Depth perception in three-dimensional (3D) 
space depends on the stability of stereoscopic gaze by 
vergence – coordinated movement of the two eyes in 
opposite directions – compensating the misalignment 
of the retinal images from the two eyes (i.e. binocular 
disparity) (Cazzato et al., 2020). 

In our work, we use a binocular IT tracker to record 
eye movements and show the ability to perceive 
paintings (and other static scenes) with a spatial 
perspective. We continue to publish materials 
presented in (Antipov & Zhegallo, 2014; Antipov et al., 
2018). We also use the graphical and mathematical 
method to record the 3D phenomenon described in 
(Antipov & Fazlyyyakhmatov, 2018). Note that the 
ability to perceive the depth of 2D image color palette 
was shown by us in the abovementioned publications. 
At the same time, it was noted in (Antipov & 
Fazlyyyakhmatov, 2018) that the use of eye movement 
in the study of the 3D phenomenon was mentioned in 
the section of the book (Barabanschikov & Zhegallo, 
2013) as the “latest research on oculomotor activity”. 
Some of our results were noted in (Yao et al., 2018; 
Abromavicius et al., 2018). 

METHODS 

The research methodology includes the selection of 
a stimulus 2D image creating the mentioned three-
dimensional attributes (3D phenomenon). The choice 
of stimulus images is carried out by an experienced 
researcher (An-2), who has been studying the 3D 
phenomenon for a long time and perceives any planar 
images with the effects of depth, volume, and spatial 
perspective. For plot 1, we further develop a 3D raster 
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image containing similar depth effects that An-2 
observed on a planar stimulus material. (Note that 
bitmaps are not used in scene 2 and 3). At the next 
stage, a stimulus 2D image is displayed on a monitor 
screen and the EEyTribe (Denmark) portable binocular 
eye tracker (recording frequency 60 Hz) is used to 
register eye movements with the determination of the 
X-coordinate arrays for the bi fixation points of the right 
(R) and left (L) eye. Eye movement recording time 
makes Δt = 60 s. The difference ΔX = X (R) - X (L) is 
found from the data arrays. Then the difference 
histograms are developed. The contour of the 
difference histograms (i.e., the probability density 
function) identifies the spatial location of the focus 
planes of the stimulus image relative to the monitor 
screen. Next, a 3D raster image is installed in front of 
the monitor screen and the eye movement is recorded 
again. The coincidence of the probability density 
functions obtained from the stimulus 2D image and the 
probability density functions from its 3D raster 
analogue allows us to conclude that the subject 
perceives the effects of the 3D phenomenon. The 
principle of calculating the location of focusing planes is 
shown in (Antipov & Zhegallo, 2014; Antipov et al., 
2018). 

A raster 3D stereo image is performed according to 
the technology providing its surround perception by the 
observer. Stereoscopic projections are used for its 
development. They are encoded with special software. 
Then the encoded image is applied to the paper and 
glued to the flat side of the plastic raster. A raster is a 
plate with a set of cylindrical lenses on one side. An 
adhesive layer is applied on the other, flat side of the 
plate. It is covered with a protective film. The coding 
creates vertical stripes on the plane of the paper sheet, 
the periodicity of which coincides with the periodicity of 
cylindrical lenses. When a coded paper print is 

connected to the adhesive base of plastic cylindrical 
lenses, an image intended for it is sent to each eye. In 
other words, the "geometry" of the raster ensures the 
refraction of the light flux so that each eye sees only 
the image intended for it. Note that to observe the 
depth of a 3D raster image, it is necessary to combine 
the encoded image on a paper printout with the flat 
side of the adhesive base of cylindrical lenses. 

The methodology of a student interview in the field 
of analysis of paintings as stimulus images includes the 
acquisition of three difference histograms. The first is 
the histogram of a directly stimulated 2D image 
perception. The second histogram shows eye 
movement in the perception of coded paper projection. 
The third histogram captures the eye movement during 
a raster 3D image perception. 

RESULTS AND DISCUSSION 

Plot I 

Figure 1 shows two stimulus images: a watercolor 
illustration "Kazan University" and the painting "The 
Seine near Giverny" (1888) by Oscar Claude Monet 
(https://www.wikiart.org/en/claude-monet/the-seine-
near-giverny-1). The survey involved eleven 19-20 
year-old students (4 young men), and An-2. Both 
images have monocular signs of perspective. When 
they consider stimulus images of the presented 
drawing format, all students claimed that they perceive 
the perspective of the images. This is a subjective 
perception. 

Note that the location of the difference histograms in 
the region of positive ΔX values refers to the condition 
for perceiving the perspectives of stimulus images in 
Figure 1. Histograms characterize the objective 
perception of depth and perspective. 

 
Figure 1: Stimulus images: a) watercolor illustration “Kazan University”, b) painting “The Seine near Giverny” (1888) by Oscar 
Claude Monet. 
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Stimulus Image – the Watercolor "Kazan 
University" 

All students claim to observe the depth and 
perspective of the images. 

- 8 (≈73%) students perceive the depth and 
perspective of the image behind the image 
display plane (Figure 2a-2c). There are 2 young 
men among them. The histograms of all image 
variants are shifted to the region of positive ΔX 
values. The probabilistic values of the difference 
ΔX are plotted on the vertical scale of the figures 
with histograms, and conditional values ΔX are 
plotted on the horizontal scale. It does not matter 
that they are conditional. An important factor is 
only the difference sign. The position of the 
histograms, as on Figure 2a and 2c, indicates 
that the stimulus image is perceived behind the 
plane of the monitor screen. For three students, 
the difference histogram is shifted to the region 
of negative ΔX values, or the maximum falls to 
zero values (Figure 2b). 

The first information on the perception of a paper 
printout depth of an encoded image is given in (Antipov 
& Fazlyyyakhmatov, 2018). 

Figure 2: vertical rows are the difference histograms 
of two bachelors (a, b) and An-2 (c). Horizontal rows of 
figures: the top row is the perception of a 2D image; 
medium row is an encoded image; bottom row - the 
histograms of raster projection. 

- for 6 (≈55%) students, the difference histograms 
during the perception of the 3D phenomenon, 
the encoded image (as for An-2) are located in 
the range of the raster image histogram (Figure 
2a, 2c). 

- for 5 (≈45%) students there is no coincidence of 
overlapping of all ΔX range record options. 

The width of the difference histogram contour is 
determined by the individual characteristics of the 
subjects. Single vertical lines on the histograms show 
that there are also planar perceptual variations. The 
obtained histograms show that students perceive the 
depth of coded projections. 

Stimulus Image - “The Seine near Giverny” 

Figure 3 shows the difference histograms between 
two bachelors and An-2. 

 
Figure 2: Histograms in the perception of watercolors “Kazan University”. 
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Figure 3: Vertical rows - difference histograms a), b) 
of two bachelors; c) An-2. Horizontal rows: upper - the 
histograms during the perception of 2D images; 
medium - on encoded images; lower - during a raster 
perception. 

- 4 students (≈36%) perceive depth, the 
perspective of the image behind the monitor 
plane (Figure 3a) as well as An-2 (Figure 3c). 

- for 3 students (≈27%), the maximum of the 
difference histogram contour falls into the region 
of zero readings ΔX. 

- 1 student (≈9%) perceives the depth between 
the monitor screen and the eyes (Figure 3b). 

- for other students (≈27%), perception occurs 
either in the region of zero ΔX values, or 
between the eyes and the screen. 

- the coincidence of the ranges of all three 
stimulus projections in front of the monitor plane 
was obtained for two students (≈18%). 

Earlier, some histograms obtained for Figure 1b 
were presented at the conference (Antipov et al., 
2019). 

Plot "II" 

The use of binocular eye tracker allowed us to 
check the subjectively observed phenomenon of depth 
during the perception of the text on the monitor screen. 
Earlier, we suggested that when they type on the 
monitor screen, it may be separated from the white 
background of the sheet and long-term work behind the 
monitor screen contributes to the development of 
cognitive (and three-dimensional) vision skills 
(Minzaripov et al., 2009). 

The survey involved 16 19-20 year-old students (8 
young men), and An-2. 13 of them (≈81%) perceive 
text on the background of a white sheet between the 
monitor and the eyes. 

In our works on the study of cortical activity under 
the conditions of 3D phenomenon perception 
(Fazlyyyakhmatov et al., 2018), the procedure includes 
EEG brain activity record when a white sheet is placed 
in the field of view. The eye movement of the student 
“k” under such conditions is shown on Figure 4c, An-2 - 
Figure 4d. 

The comparison of the difference histograms of “k” 
and An-2 suggests that “k” perceives planar images at 
the level of 3D phenomenon. 

 

 
Figure 3: Histograms during the perception of "The Seine near Giverny" picture. 
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The histograms (Figure 4) show that when they 
work at a computer, a little-known process of 
perception spatial interaction occurs with a text and a 
white sheet. They are perceived between the eyes and 
the monitor screen. Similar processes occur when they 
observe the stereoscopic depth of various types of 
stereograms. We believe that it is the shift in the depth 
perception outside the plane of the two-dimensional 
image location of various types of stereograms that 
stimulate the development of the 3D phenomenon 
(Minzaripov et al., 2009). In other words, everyone who 
works behind the screen of a personal computer, 
regardless of his desire, converts planar perception into 
three-dimensional images. I.e. a 3D phenomenon 
development is mastered. The initial conditions for the 
formation of the three-dimensional perception of planar 
images is the effect of relief. Relief is the separation 
and depth of some planar images from others. The 
relief was revealed by us on some stimulus images for 
the sample of about 2000 young people (14-22 years). 

CONCLUSIONS 

1. The plot "I". The comparison of three types of 
stimulus images shows that visual perception of 
planar image perspective was revealed: 45% of 

students with "Kazan University" painting and 
36% - "The Seine near Giverny". The researcher 
An-2 is among them. 

2. The plot "II". We assume that when they work 
with a text on a personal computer monitor, the 
condition is fulfilled for the development of the 
3D phenomenon initial elements. In other words, 
there is an ongoing training process for planar 
image conversion into three-dimensional 
projections. 

3. Regarding the plane of the monitor screen, there 
is no unambiguous perception of the planar 
image perspective location. 

4. The statistical application of the mathematical-
graphical method is shown to detect the 
perception of depth and spatial perspective of 
planar images. 

SUMMARY 

Registration of eye bifixation points using a portable 
binocular eye-tracking allows you to explore the 
perception of depth, and the spatial volume of the 

 

 
Figure 4: Histograms of the sheet perception with the text: a) “k”; b) An-2; white sheet: c) “k”; d) An-2. 
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planar image spatial perspective. The use of 3D raster 
image techniques, the construction of the difference 
histograms ΔX unambiguously show the possibilities of 
an objective method for spatial attribute record of 2D 
images. 

Currently, only the first experimental results have 
been obtained. The surveys conducted among the 
respondents (19-21) clearly indicate that the vast 
majority already perceives the depth and volume of the 
used stimulus images. 

We have no reliable assumptions about the reason 
for the 3D phenomenon development. We can agree 
with the Ringach hypothesis (Ringach et al., 1996) that 
it is possible that there is a single three-dimensional 
representation of surfaces where depth information 
from multiple visual cues is combined and that the 
estimated three-dimensional structure drives vergence 
eye movements. This hypothesis assumes that various 
visual cues affect the perceived three-dimensional 
shape and can serve as effective stimuli to vergence 
eye movements. 

Nowadays, the visual perception of youth creates 
new conditions for planar image perception. There is a 
real perception of the depth, volume, spatial 
perspective of the paintings and other planar scenes. 

It is possible that the perception of three-
dimensional attributes of planar images can 
characterize the creative elements of thinking 
(Fazlyyyakhmatov & Antipov, 2019). 
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